Summary. The presence of a Teflon catheter had no effect on the in-vitro activity of a range of antibacterial agents against slime producing and non-producing Staphylococcus epidermidis strains as determined by a microdilution assay. The susceptibility of S. epidermidis attached to Teflon catheters for 6,24 and 48 h was also evaluated. MICs for planktonic and attached bacteria were similar. When bacteria attached to Teflon for 6 h were used as inocula, MBC values increased 32-8 192-fold for the antibacterial agents tested. Similar results were observed when bacteria attached for 24 and 48 h were used as inocula. The activity of a high concentration (16 x MBC) of these antimicrobial agents against S . epidermidis biofilms in Teflon catheters was evaluated ; for five slime non-producing strains, the highest reduction (around 99 YO) in bacterial viability was produced by cloxacillin and teicoplanin; for the slime producers, the highest effect (99.5 YO reduction) was shown by amikacin, clindamycin cloxacillin and ciprofloxacin but all cases still showed bacterial counts higher than lo3 cfu/catheter segment. It is concluded that adherence of S. epidermidis to Teflon catheters decreases the bactericidal activity of the antibacterial agents tested in vitro.
Introduction
Staphylococcus epidermidis is an important cause of nosocomial infections, particularly in patients with indwelling catheters and other prosthetic devices1. The increase in S . epidermidis infections is probably related to the increased use of prosthetic devices.2 '3 S . epidermidis grows on the surface of plastic catheters forming bacterial biofilms,' and it is assumed that these biofilms contain large amounts of the same slime substance as that produced by the bacteria in vitro. Slime production has been considered as a mechanism related to increased resistance of S. epidermidis strains to antibacterial agents, but factors and mechanisms involved in the resistance of S. epidermidis biofilms have not been clearly defined. Several previous reports have documented increasing resistance of S . epidermidis to antibacterial agents when the bacteria are attached to plastic surface^,^'^ although only a limited number of agents has been evaluated.
In this study, two aspects of the interactions among S. epiderrnidis, catheters and antibacterial agents are considered: firstly, the effect of a commonly used biomaterial, Teflon, on the activity of antibacterial agents against S. epidermidis ; secondly, the susceptibility of S. epidermidis (slime producing and nonproducing strains) attached to Teflon, to the same antibacterial agents. NCCLS g~idelines.~.' To study the effect of the presence of Teflon, both MICs and MBCs were determined by the same methodology, except for the inclusion of a 0.5-cm segment of catheter in each well of the microtitration plate. Bacterial biofilms of S. epidermidis (both P15 and ClO) were developed by static incubation of 50 segments of catheter in glass bottles containing 50 ml of Mueller-Hinton broth inoculated with log-phase growth of the strain to be tested (5 x lo5 cfu/ml). Bottles were incubated for 6, 24 or 48 h at 37°C. To determine the number of attached bacteria, a segment of Teflon was washed three times in ice-cold phosphate-buffered saline (PBS, pH 7.2-7-4) to remove loosely adherent inoculum, placed in 2 ml of PBS, sonicated for 1 min in a sonicating bath at 45 kHz (Ultrasons, Selecta, Spain) and vortex mixed at maximum speed for 15 s. Under these conditions, bacterial biofilms were completely removed, as demonstrated by optical microscopylo. After dilution with ice-cold PBS, lop1 of the bacterial suspension were plated on Mueller Hinton agar (MHA) plates. After incubation (37"C, 24 h) the number of cfu was counted.
Mean cfu values of bacteria in the biofilms were 1.0 x lo4 (6 h), 2.5 x lo5 (24 h) and 3.0 x lo5 (48 h) for strain C10 and 1.0 x lo5 (6 h), 1.0 x lo6 (24 h) and 1.0 x lo6 (48 h) for strain P15. MICs for the two strains were determined simultaneously by both the standard microdilution method and the modified method employing bacterial biofilms on Teflon as inoculum. All the susceptibility assays were performed in parallel, with bacteria attached to catheter and the same number of planktonic bacteria as inocula. MICs were determined by the absence of turbidity in the broth (or surrounding each catheter piece when they were present) in each well. Standard MBCs were determined after subculturing 5Opl of broth on to MHA. MBC was defined as a 99.9% reduction of the initial inoculum. When considering bacterial biofilms, MBCs were determined by washing twice with PBS, sonication and vortex mixing of Teflon segments, dilution and plating on MHA, as previously described. Variations in the replicate MBC determinations were one dilution.
Results

MIC and MBC values of S. epidermidis in the absence of Teflon
The MIC and MBC values of a slime producing and a non-producing strain of S. epidermidis are shown in table I.
Eflect of Teflon on the activity of antimicrobial agents against S. epidermidis
The effect of Teflon catheters on MIC and MBC values of the antimicrobial agents is presented in table 11. The activity of none of the antimicrobial agents tested was significantly affected by the presence of the catheter .
Susceptibility of S. epidermidis attached to Teflon catheters
MIC values of the antimicrobial agents tested were similar when attached (for 6, 24 or 48 h) and planktonic bacteria were compared (table 111) . However, MBC values significantly increased when bacteria attached to Teflon were used as inocula. The results obtained with bacteria attached to Teflon for 6 h are shown in table IV. Under these conditions the MBC values of attached bacteria were 32-> 32768 times higher than those obtained with planktonic bacteria. Among the antimicrobial agents tested, rifampin showed the greatest differences. This phenomenon did not depend on the capability of the strain to produce slime in vitro.
MBC values of all the antimicrobial agents increased when bacteria attached for 24 and 48 h (table IV) were used as inocula. In these cases, the ratios were lower than those obtained at 6 h, as the MBCs of planktonic bacteria were higher because of an inoculum size effect .
To establish whether or not this effect was strain dependent, a third series of experiments was performed with 10 additional S. epidermidis strains (five slime producers and five non-producers). Because of technical difficulties and the lengthy time required for the method described previously, in these experiments, catheter segments containing bacteria attached for 24 h were incubated in the presence of the different antimicrobial agents only at concentrations of 16 x MBC for 18 h. After washing and sonication of catheter segments, the number of viable staphylococci/ segment was determined (table V). For the slime non-producing strains, the highest reduction (c. 99 %) in bacterial viability was produced by cloxacillin and teicoplanin but bacterial counts > lo3 cfu/segment of catheter after incubation for 18 h were observed. For the slime-producing strains the highest reduction (c. 99.5 YO) of bacterial viability in the biofilms was shown by clindamycin, amikacin, cloxacillin and ciprofloxacin, but bacterial counts (> 6-14) x lo3 cfu/ segment of catheter were observed.
Discussion
In this study the effect of a plastic biomaterial commonly used to make intravascular catheters on the in-vitro activity of several antimicrobial agents against S. epidermidis and the activity of these antimicrobial agents against S. epidermidis attached to Teflon was evaluated.
There is not much information available on the interaction between plastic biomaterials and antimicrobial agents. In a previous report we described how other plastic biomaterials, such as siliconised latex could affect the activity of antimicrobial agents in vitro. The MIC values of meropenem against Pseudomonas aeruginosa were 32-64 times higher in the Previous reports have shown a poor activity of antimicrobial agents against bacterial bi0fi1ms.l~ Unfortunately, many of these reports examined only a limited number of antimicrobial agents. When considering the interaction between antimicrobial agents and bacterial biofilms, this study attempted to enlarge previous observations, with the evaluation of a higher number of both antimicrobial agents and strains. Moreover, the activity of antimicrobial agents against bacterial biofilms allowed to develop for different periods of time was also examined.
The data obtained demonstrate that the bacteristatic activity of the eight agents tested was similar for both planktonic and sessile bacteria, but the bactericidal activity was much lower for S . epidermidis attached to Teflon than for bacteria growing in broth. This is in agreement with the reports from Sheth et al. 5 who described a similar phenomenon with S . epidermidis attached to polyvinylchloride, and from Evans and Holmes6 who observed an increase in MBC values of S. epidermidis biofilms developed on an indwelling peritoneal catheter. Probably the most important limitation of this method is the use of catheters in a static state. Under these experimental conditions important factors such as a boundary layer with laminar flow (which is the usual situation in viuo) and turbulence are not evaluated. Nevertheless we consider that our data are probably closer to the situation in biomaterial-associated infections in vivo than those obtained from standard antibiograms.
The role of extracellular slime material in the decrease of antimicrobial activity against bacterial biofilms has been considered previously. In an effort to evaluate further the importance of slime production, five strains each of slime producing and non-producing S. epiderrnidis were exposed to concentrations of 16 x MCB. For several antimicrobial agents (amikacin, clindamycin, cloxacillin and ciprofloxacin) similar numbers ( 103-105 cfu) of organisms survived on the surface of the catheter, independently of the production of slime. Similar data have been reported by Gristina et aI.l4 who described an increase in the resistance of biofilms independently of the production of slime by the strains tested. The nature of slime is not well defined; it is assumed, but not proven, that the material surrounding S. epidermidis on the surface of the biomaterials is the same as the substance commonly detected in vitro and referred to as slime. Our data do not support a critical role for slime as the only mechanism of resistance to antimicrobial agents of bacterial biofilms. Other mechanisms could explain this phenomenon. A quiescent metabolic state or a low growth rate within the bacterial biofilm could be related to the tolerance observed for such a broad group of antimicrobial agents.15* l6 The exact composition and biological nature of biofilms should be clarified before a more precise conclusion on the interaction with antimicrobial agents can be established.
The results from this and previous studies indicate the limited value of the current methodologies for defining the MBC of antimicrobial agents when considering biomaterial-associated infections. A consensus should be defined to standardise the evaluation of antimicrobial activity against bacterial biofilms.
